ABSTRACT: Zilpaterol hydrochloride (ZH) has been approved for use since 2006; however, there is no research on any interactions between ZH and coproducts. Additionally, there is no published information on the potential effects of ZH on heat stress in feedlot cattle. Therefore, an experiment was conducted to determine the effects of feeding dry-rolled corn (DRC)-based diets with and without wet distillers grains with solubles (WDGS) and ZH on performance, carcass characteristics, and heat stress in feedlot cattle. Four hundred thirtyeight steers were used in a randomized complete block design with a 2 × 2 factorial arrangement of treatments in 16 pens with 26 to 28 steers in each pen. Factors consisted of inclusion of 0 or 30% (on a DM basis) WDGS and inclusion of ZH at 0 or 84 mg/steer daily for 21 d at the end of the finishing period. Therefore, cattle were blocked by BW and randomly assigned to 1 of the resulting 4 treatment combinations: 1) DRC-based diet with 0% WDGS and 84 mg/steer ZH, 2) DRC-based diet with 0% WDGS and no ZH, 3) DRC-based diet with 30% WDGS and 84 mg/steer of ZH, and 4) DRC-based diet with 30% WDGS and no ZH. Final live BW, carcassadjusted BW, ADG, and G:F were greater for cattle fed ZH than non-ZH-fed cattle (P < 0.01). Additionally, cattle fed ZH consumed 7.4% less DM than cattle not fed ZH (P < 0.01). Cattle fed ZH for 21 d also had a 2.9% greater HCW (P < 0.01), a 1.1% greater dressing percentage (P < 0.01), 7.3% greater LM area (P < 0.01), and an 8.4% improvement in yield grade (P < 0.01) than cattle not fed ZH. For the main effect of WDGS inclusion, ADG was greater for cattle fed 0 vs. 30% WDGS (P = 0.04) and G:F also tended to be greater for cattle fed 0 vs. 30% WDGS (P = 0.07) for the 21-d ZH feeding period. However, when evaluated over the entire experiment, cattle fed 30 vs. 0% WDGS had a greater ADG and G:F (P < 0.01). Furthermore, cattle fed 30 vs. 0% WDGS had a greater dressing percentage and tended to have a greater amount of 12th rib fat (P < 0.07). Heat stress measurements were collected during the time cattle were fed ZH, from May 31 to July 12, 2013. The slopes for change in respiration rate and panting score per day were positive but were not different across dietary treatments (P > 0.71); in addition, the slopes for change in respiration rate and panting score when accounting for environmental conditions were positive but were not different across dietary treatments (P > 0.32).
INTRODUCTION
The use of technology in the feedlot industry such as β-adrenergic agonists (βAA) has increased in recent years. Zilpaterol hydrochloride (ZH) has been reported to increase ADG, G:F, HCW, carcass yield grade, and dressing percentage in finishing cattle (Vasconcelos et al., 2008) . Binding of ZH to a β-adrenergic receptor causes an increase in muscle hypertrophy through changes in protein synthesis and degradation rates.
Feeding ZH has been reported to increase final BW by 9 kg and increase HCW by an average of 15 kg in steers (Delmore et al., 2010) . Furthermore, the effect of ZH on HCW is accentuated by a simultaneous increase in dressing percentage typically ranging from 1.5 and 2.0% (Delmore et al., 2010) . Additionally, yield grade is reduced and LM area is increased by 14%, whereas marbling score and USDA quality grade have been reported to decrease with feeding ZH. However, there is an absence of data in the literature on the effects of ZH with and without coproducts such as wet distillers grains with solubles (WDGS).
While the effects of ZH on cattle performance and carcass characteristics are well understood, there is an absence of data regarding the effects of ZH on heat stress. Heat stress occurs when environmental and metabolic heat exceeds the animal's ability to dissipate body heat (Sullivan et al., 2011) . Four heat waves between 1995 and 2009 were documented to cause the death of 5,000 or more cattle for each instance (Mader and Gaughan, 2009 ). In addition to cattle death, there is an economic loss associated with heat stress. Cattle performance is highly dependent on DMI and in times of heat stress feed intake is reduced. The objectives of this experiment were to determine the effects of feeding diets based on dry-rolled corn (DRC) with and without WDGS and ZH on performance, carcass characteristics, and heat stress in finishing beef steers.
MATERIALS AND METHODS
All animal use protocols were approved by the U.S. Meat Animal Research Center (USMARC) Animal Care and Use Committee.
Four hundred thirty-eight steers (415.3 ± 2.1 kg of initial BW) born between March 1 and May 31, 2012, were used during the study. The steers were from the current germplasm evaluation population, the MARC III composite breed population consisting of one-fourth each Pinzgauer, Red Poll, Hereford, and Angus, and a MARC II composite breed population consisting of onefourth each Simmental, Gelbvieh, Hereford, and Angus. After weaning, the steers were treated for any health issues and transitioned to a concentrate-based diet. The cattle were implanted with Revalor XS (200 mg trenbolone acetate and 40 mg estradiol 17β; Merck Animal Health, Summit, NJ) between December 4 and December 17, 2012. In mid January, cattle were sorted to 1 of 16 soil-surfaced pens approximately 15.4 by 61 m with 15.1 m of bunk space and a concrete apron extending 4.7 m from the bunk. Cattle BW were acquired before feeding to start the experiment on February 28, 2013, using a single-animal scale. Cattle were individually weighed before feeding on d 1 and 56. The animals in each block were weighed using a single-animal scale before feeding 1 d before feeding ZH and before shipment to the commercial abattoir. Cattle were driven by horse to the working facility as a pen group, weighed individually, held as a group in sort pens, and returned to their respective pen within 45 min of the initial removal. All animal weights were initiated at 0600 or 0700 h (depending on the expected temperature for the day). The scale was validated before each use with 20 certified weights (22.68 kg each) and calibrated when the actual reading was >0.3% above or below the certified weight. Animals were exposed to ambient environmental conditions during the experiment and there was no shade in the pens. Throughout the experiment, cattle were allowed ad libitum access to fresh water with an automatic water unit located in the fence line and shared between 2 adjacent pens.
Treatments, Experimental Design, and Routine Management
A randomized complete block design was used with a 2 × 2 factorial arrangement of treatments. Steers were blocked by weaning weight into 2 groups: heavy BW and light BW. The difference in BW between the blocks at the start of the experiment was approximately 68 kg. Within block, steers were stratified by known genotype (sire and dam line), postweaning ADG, hide color, and current BW and then randomly assigned to pen. Factors consisted of inclusion of 0 or 30% (on a DM basis) WDGS and inclusion of ZH at 0 or 84 mg/steer daily for 21 d near the end of the finishing period with a 3-to 5-d withdrawal before harvest. Therefore, the resulting 4 treatment combinations consisted of 1) DRC-based diet with 0% WDGS and no ZH (CON-ZH), 2) DRC-based diet with 0% WDGS and 84 mg/steer ZH (CON+ZH), 3) DRC-based diet with 30% WDGS and 84 mg/steer of ZH (WDGS+ZH), and 4) DRC-based diet with 30% WDGS and no ZH (WDGS-ZH). The final finishing diet was formulated to include monensin and tylosin (Elanco Animal Health, Greenfield, IN; 33 and 10 mg/kg, respectively).
The diets fed to the cattle on the ZH inclusion treatments were identical to the diets without ZH, with the inclusion of the Type B ZH supplement as the only difference (Table 1) . Throughout the entire experiment, the order of feeding was kept constant so the cattle were fed within the same 15 min each day. Two separate trucks were used during the 21 d of ZH feeding within each block, to ensure that there was no cross-contamination between diets with and without ZH. The WDGS used in the experiment was delivered weekly from a single source (Abengoa Bioenergy, York, NE) and stored on a concrete pad. Samples were collected weekly or any time a new load was delivered; changes in DM were monitored throughout the study.
Feed bunks were evaluated visually each day of the experiment at approximately 0630 h to determine the quantity of feed to offer each pen. The bunk management approach was conducted so that less than 0.10 kg of feed per steer remained in the feed bunk at the time of evaluation. After the quantity of feed to be provided to each treatment group was determined, a batch of each diet sufficient to supply the feed for all the pens on a given treatment was mixed in the feed truck for approximately 5 min. Cleanout of the feed truck was conducted to ensure that cross-contamination of diets did not occur. Steers were fed once daily throughout the experiment, starting at approximately 0730 h.
Diet samples were collected multiple times per week throughout the entire experiment. Composited samples were analyzed for DM, CP, ADF, NDF, ether extract (EE), Ca, P, S, and ash at a commercial laboratory (Servi-Tech Laboratories, Hastings, NE). Samples were composited weekly and sent for analysis of ZH concentration (Merck Pharmaceutical Laboratory, Lawrence, KS) and a duplicate sample analyzed for nutrient content as above.
Carcass Evaluation
At the end of the feeding period and after a 3-, 4-, or 5-d ZH withdrawal, cattle were shipped to a commercial abattoir. Over a 3-d period, equal numbers of cattle from each treatment were removed from their pen, mixed, and loaded onto 2 trucks and harvested at the commercial abattoir as 1 lot. Steers were loaded each morning at 0800 h and harvested the same afternoon. Cattle in the heavy BW block were shipped to the commercial abattoir June 24, 25, and 26, 2013 . Cattle in the light BW block were shipped to the commercial abattoir July 15, 16, and 17, 2013 . Chilled carcasses were evaluated with the VBG2000 beef carcass grading camera (Shackelford et al., 2003) . Individual carcass data, including HCW, marbling score, quality grade, vision yield grade, adjusted fat thickness, and LM area, were assessed. Quality grade was determined from the marbling score and maturity data. All carcass data was obtained by trained individuals from USMARC.
Assessment of Heat Stress
Respiration rate and panting score were measured while ZH was fed. These measurements were collected on the heavy BW block of cattle from May 31 to June 20, 2013, and from June 21 to July 12, 2013, for the light BW block of cattle. Respiration rate and panting score were measured 5 d per wk while ZH was fed. Individual respiration rate was collected on 4 preselected steers in each pen (2 steers each day). Steers were selected based on hide color: dark red or black. The preselected cattle across treatments were from different sire and dam lines. The same 4 steers were measured throughout the feeding of ZH. The measurement was taken by counting 10 flank movements and recording the time (in seconds) for this to occur using a stopwatch. Each pen was measured between 1200 and 1400 h each day.
Panting score was determined visually at the same time as the respiration rate measurement using the descriptors from Mader et al. (2006) . Briefly, the scoring system ranged from 0 to 4.5, where 0 was no panting and 4.5 was defined as excessive drooling, elevated respiration rate, and an open mouth with the tongue out. Temperature, relative humidity, wind speed, barometric pressure, and solar radiation were measured daily throughout the experiment using meteorological instrumentation (Davis Instruments, Hayward, CA) situated near the feedlot pens used. The temperature-humidity index (THI) was calculated according to Mader (2003) and Amundson et al. (2006) using daily averages for temperature and relative humidity for the day that respiration rate and panting score were collected. The THI is calculated as (0.8 × temperature) + [(% relative humidity/100) × (temperature -14.4)] + 46.4. The THI scores are categorized as follows: 1) >84 = emergency, 2) 79 to 84 = danger, 3) 74 to 79 = alert, and 4) <74 = normal. 
Statistical Analyses
For all performance traits (ADG, G:F, and DMI), data is reported for the pre-ZH period (before ZH was fed), ZH period (the 21 d that ZH was fed), and entire period (from the initial BW measure to final BW measure; Table 2 ). All BW measurements are unshrunk. For the carcass-adjusted data, adjusted final BW was calculated from the HCW divided by the overall average dressing percent. The ADG and G:F were calculated on both a live BW and carcassadjusted basis. The G:F was calculated as the quotient of ADG divided by daily DMI. All animal performance and carcass data were analyzed with pen as the experimental unit as a randomized complete block design using the MIXED procedure (SAS Inst. Inc., Cary, NC). The effects of WDGS and ZH inclusion and the WDGS × ZH interaction were included in the model as fixed effects. All fixed effects were evaluated with single degree of freedom F tests. Block (heavy BW or light BW) was included in the model as a random effect. The proportion of cattle grading USDA Choice or greater in each pen were analyzed as a binomial proportion using the GLIMMIX procedure of SAS with block as a random effect (Table 3) . 2 Pooled standard error of main-effect means (n = 4 pens/mean).
3 Initial BW was used as a covariate in the analyses of pre-ZH BW and final BW.
4 Unshrunk BW.
5 An interaction between WDGS × ZH was detected, P < 0.05; simple-effect means are discussed in the text. 6 Final BW, overall ADG, and overall G:F were adjusted using the quotient of HCW divided by the overall average dressing percent. The respiration rate and panting score data were analyzed as a randomized complete block design with repeated measures in time. Animal was the experimental unit for treatment and residual was the experimental unit for time and time interactions. The model included fixed effects of animal, time, ZH, WDGS, and all of the interaction terms (Tables 4 and 5 ). Block was considered a random effect. For the repeated measures, several covariance structures were tested and the structure resulting in the smallest Akaike and Schwarz Bayesian criteria was considered the most appropriate for analysis. An additional model (Tables 6 and 7 ) was used to evaluate respiration rate and panting score by including predicted respiration rate, based on the equation developed by Eigenberg et al. (2005) , in the model in place of time to account for differences in environmental conditions such as temperature rather than just time on ZH differences. The predicted respiration rate is a linear function of temperature, relative humidity, wind speed, and solar radiation; that is, it is a measure of heat stress. The other fixed effects in the model included ZH, WDGS, and all of the interaction terms. Block was considered a random effect. For the repeated measures, several covariance structures were tested and the structure resulting in the smallest Akaike and Schwarz Bayesian criteria was considered the most appropriate for analysis. All effects were considered significant at a P-value of <0.05, with tendencies declared at P-values between 0.05 and 0.10. 1 Treatments were as follows: CON+ZH = dry-rolled corn (DRC)-based diet with 0% WDGS and 84 mg/steer ZH; CON-ZH = DRC-based diet with 0% WDGS and no ZH; WDGS+ZH = DRC-based diet with 30% WDGS and 84 mg/steer of ZH; WDGS-ZH = DRC-based diet with 30% WDGS and no ZH.
2 Probability that the slope differs from 0. The P-value of the main effect of ZH was P = 0.12, the P-value of the main effect of WDGS was P = 0.57, and the P-value for the ZH × WDGS interaction was P = 0.89. The P-value for differences of slope among treatments was P = 0.71. 1 Treatments were as follows: CON+ZH = dry-rolled corn (DRC)-based diet with 0% WDGS and 84 mg/steer ZH; CON-ZH = DRC-based diet with 0% WDGS and no ZH; WDGS+ZH = DRC-based diet with 30% WDGS and 84 mg/steer of ZH; WDGS-ZH = DRC-based diet with 30% WDGS and no ZH.
2 Probability that the slope differs from 0. The P-value of the main effect of ZH was P = 0.64, the P-value of the main effect of WDGS was P = 0.44, and the P-value for the ZH × WDGS interaction was P = 0.63. The P-value for differences of slope among treatments was P = 0.55. Eigenberg et al. (2005) as described in text to account for daily differences in environmental conditions such as temperature, humidity, wind speed, and solar radiation.
2 Treatments were as follows: CON+ZH = dry-rolled corn (DRC)-based diet with 0% WDGS and 84 mg/steer ZH; CON-ZH = DRC-based diet with 0% WDGS and no ZH; WDGS+ZH = DRC-based diet with 30% WDGS and 84 mg/steer of ZH; WDGS-ZH = DRC-based diet with 30% WDGS and no ZH.
3 Probability that the slope differs from 0. The P-value of the main effect of ZH was P = 0.68, the P-value of the main effect of WDGS was P = 0.74, and the P-value for the ZH × WDGS interaction was P = 0.47. The P-value for differences of slope among treatments was P = 0.46. Eigenberg et al. (2005) as described in text to account for daily differences in environmental conditions such as temperature, humidity, wind speed, and solar radiation.
3 The P-value of the main effect of ZH was P = 0.29, the P-value of the main effect of WDGS was P = 0.44, and the P-value for the ZH × WDGS interaction was P = 0.68. The P-value for differences of slope among treatments was P = 0.32.
RESULTS
Dietary composition and analyzed values are presented in Table 1 . The CP, NDF, ADF, EE, ash, P, and S concentrations of the diets with WDGS were greater than those diets without WDGS. In contrast, based on NRC (2000) values, ME, NEm, and NEg concentrations were greater in the control diets than WDGS diets. All diets were balanced for a minimum of 8.0% degradable intake protein by adding urea to the control diets. The diets with and without ZH were similar in nutrient composition.
Animal performance data are reported in Table 2 . There were ZH × WDGS interactions for DMI before the ZH feeding period and overall DMI, which will be discussed later in the text; for all other performance measures, there were no ZH × WDGS interactions (P > 0.21). Initial BW was not different between cattle fed 0 or 84 mg/steer of ZH (P = 0.69); however, cattle fed 0 vs. 30% WDGS had a greater initial BW (P < 0.01). Therefore, initial BW was used as a covariate in the analysis of the other BW measurements. Body weight before ZH feeding was not different between steers fed 0 or 84 mg/steer of ZH (P = 0.67) or steers fed 0 or 30% WDGS (P = 0.21). Final BW was 1.73% greater for steers fed 84 mg/steer ZH than those fed 0 mg/steer ZH (P < 0.01). Cattle fed 0 vs. 30% WDGS did not differ in final BW (P = 0.17). Similar to live final BW, carcass-adjusted final BW was 2.93% greater for cattle fed ZH (P < 0.01) and steers fed 0 and 30% WDGS did not differ in final BW (P = 0.28).
Average daily gain before ZH feeding was not different among steers fed 0 or 84 mg/steer ZH (P = 0.73), whereas steers fed 30% WDGS tended to have a greater ADG than steers fed a DRC-based control diet without WDGS (P = 0.08). During the 21 d of ZH feeding, ADG was greater for steers fed 84 mg/steer of ZH than steers not fed ZH (73.6% greater; P < 0.01). Furthermore, steers fed the 0% WDGS diet had an 11.8% greater ADG (P = 0.04) than steers fed 30% WDGS. Overall, ADG based on live BW and carcass-adjusted final BW was greater for steers fed 84 mg/steer of ZH than those not fed ZH (P < 0.01). Steers fed 0 and 30% WDGS did not differ in overall ADG (P = 0.24) based on live final BW; nonetheless, when carcass-adjusted final BW was used to calculate adjusted overall ADG, steers fed 30% WDGS gained faster than steers fed not fed WDGS (P < 0.01).
Dry matter intake during the 21-d ZH feeding was 7.4% less for cattle fed ZH than those not fed ZH (P < 0.01). In contrast, there was no difference in DMI during the ZH feeding for steers fed 0 or 30% WDGS (P = 0.33). There were ZH × WDGS interactions (P = 0.05) for DMI before the ZH feeding period and overall DMI. Cattle assigned to the CON+ZH treatment consumed less (P = 0.03) feed before the ZH feeding period than the CON-ZH, WDGS+ZH, and WDGS-ZH treatments. Cattle assigned to the WDGS-ZH treatment had a greater (P = 0.05) DMI throughout the entire experiment than cattle fed the CON+ZH, CON-ZH, and WDGS+ZH (10.43 ± 0.695, 10.34 ± 0.695, 10.12 ± 0.695, and 10.13 ± 0.695 kg, respectively).
Feed efficiency was not different between cattle fed 0 and 84 mg/steer ZH (P = 0.35) or cattle fed 0 or 30% WDGS (P = 0.18) before the 21-d ZH feeding period. Conversely, during the 21-d ZH feeding period, cattle fed 84 mg/steer of ZH had an increased G:F compared to cattle not fed the ZH (P < 0.01). Additionally, cattle fed 0% WDGS tended to have a greater G:F than cattle fed WDGS at 30% of dietary DM (P = 0.07) during the 21-d ZH feeding period. Overall G:F based on live final BW was greater for cattle fed 84 mg/steer of ZH than cattle fed 0 ZH (P < 0.01) and did not differ between cattle fed 0 or 30% WDGS (P = 0.13). When overall G:F was based on carcass-adjusted final BW, cattle fed 84 mg/ steer of ZH had a greater G:F than cattle fed 0 mg/steer ZH (P < 0.01) and cattle fed 30% WDGS were more efficient than cattle fed 0% WDGS (P < 0.01).
Carcass characteristics are reported in Table 3 . No ZH × WDGS interactions were detected (P > 0.15); therefore, the main-effect means are reported. Hot carcass weight was greater for cattle fed 84 mg/steer of ZH than cattle not fed ZH (P < 0.01), whereas cattle fed 0 vs. 30% WDGS did not differ in HCW (P = 0.28). Dressing percentage was increased by the addition of ZH (P < 0.01) to the diet and when feeding 30 vs. 0% WDGS (P < 0.01). Additionally, LM area was greater in ZHfed cattle (P < 0.01) and did not differ in cattle fed 0 or 30% WDGS (P = 0.49). Adjusted 12th rib fat was not different between cattle fed 0 or 84 mg/steer of ZH (P = 0.37); however, it tended to be greater for cattle fed 30% WDGS than for cattle fed 0% WDGS (P = 0.07). Yield grade was improved with the inclusion of ZH in the diet for 21 d (P < 0.01) and not different between 0 and 30% WDGS in the diet (P = 0.12). The addition of ZH to the diet decreased marbling score (P < 0.05), yet there was no difference in marbling score when WDGS was included at 0 or 30% of diet DM (P = 0.54). The percentage of cattle grading USDA Choice or greater was not different between steers fed 0 or 84 mg/steer of ZH (P = 0.71) or steers fed 0 or 30% WDGS (P = 0.28).
Results of the mixed model regression analyzing relationships between dietary treatment and respiration rate or panting score by day are presented in Table 4 and  Table 5 , respectively. The slopes for change in respiration rate (P = 0.71) and panting score (P = 0.55) per day were positive but were not different across treatments. When evaluated within treatment diet for respiration rate, the slopes for all treatments were different from 0 (P < 0.01), even if not different from one another.
Results of the mixed model regression analyzing relationships between dietary treatment and predicted respiration rate vs. actual respiration rate or actual panting score are presented in Table 6 and Table 7 , respectively. The slopes for change in actual respiration rate vs. predicted respiration rate (as an indicator of environmental conditions) were positive but not different across treatments. When evaluated within treatment diet for respiration rate, all treatment slopes were different from 0 (P < 0.01), even if not different from one another (P > 0.46). The slope of actual panting score vs. predicted respiration rate was positive but again was not different across treatments. When evaluated within treatment diet for panting score, all treatment slopes were different from 0 (P < 0.01) although not different from one another (P > 0.32).
The environmental conditions measured from May 31 to June 21, 2013, when the heavy BW block of steers were fed 0 or 84 mg/steer of ZH are presented in Table 8 . Additionally, the environmental conditions measured from June 21 to July 11, 2013, when the light BW block of steers were fed 0 or 84 mg/steer of ZH are presented in Table 9 . It is important to note, that in mid July 2013 an estimated 5,000 to 8,000 cattle died as a result of heat stress in the state of Nebraska (T. Mader, Mader Consulting, Gretna, NE, personal communication) , and therefore the environmental conditions during our study were conducive to measuring heat stress. Additionally, based on the THI calculations (Table 10) , the cattle used in this experiment were subjected to multiple days when the THI was outside of the normal range.
DISCUSSION

Beta-Adrenergic Agonists
The effects of ZH on feedlot cattle performance have been well documented the past few years. The increase in final BW for steers supplemented with ZH in the current experiment is consistent with the increase in final BW observed by Montgomery et al. (2009) (136, 157, 177, and 198 d) . A summary regarding perspectives on the application of ZH in the U.S. beef industry by Delmore et al. (2010) reported an average increase in final BW of 9 kg in steers fed ZH for 20 to 40 d. In the current experiment, we observed an increase of 10 kg using live BW and 18 kg when using carcass-adjusted live BW, which is consistent with most of the published data.
An increase in ADG in response to feeding ZH is fairly common in the literature. Montgomery et al. (2009) reported that feeding ZH increased ADG by 36% in steers and 18% during the time ZH was fed in heifers fed at a commercial feedlot. Similarly, ADG was greater when ZH was fed to steers for 20, 30, or 40 vs. 0 d (Vasconcelos et al., 2008) , and feeding ZH for 20 to 22 d to heifers fed for 127, 148, and 167 d on feed increased ADG by 9.5% (Rathmann et al., 2012) . Furthermore, Elam et al. (2009) noted that ADG was greater for ZHfed cattle during the final 50 d on feed (17.6%) and throughout the entire feeding period (3.8%). In the current experiment, we observed a 42.4% increase in ADG when ZH was fed for 21 d to steers, which is a greater increase than commonly reported. As expected, overall ADG and carcass-adjusted overall ADG were greater for cattle fed ZH than for cattle not fed ZH.
Cattle not fed ZH gained slower than expected (<1 kg/steer) during the ZH treatment period, which can partly explain the large magnitude of ADG in response to ZH. Much of this difference is attributed to the light BW block of cattle, which gained slower than anticipated when ZH was not fed when compared to cattle in the heavy BW block not fed ZH. Additionally, the light BW group of cattle fed ZH from June 20 to July 11, 2013, experienced greater ambient temperatures (Table 9 ; average = 30.0°C and range = 26.8 to 34.5°C vs. average = 26.28°C and range = 18.3 to 31.75°C), greater relative humidity (Table  9 ; average = 50% and range = 39 to 67% vs. average = 47% and range = 36 to 68%), and similar wind speed conditions vs. the heavy BW block of cattle (Table 8 ; average = 9.89 m/sec and range = 2 to 20 m/sec vs. average = 8.9 m/sec and range = 3 to 17.5 m/sec). Additionally, the light BW block of cattle had fewer days in the normal THI category than the heavy BW block of cattle. All of these factors could have greatly decreased DMI and thus could explain some of the decrease in ADG.
In the current experiment, DMI was decreased 7.4% for ZH-fed cattle vs. cattle not fed ZH during the treatment period. The decrease in DMI with feeding of ZH is interesting and has been reported several times throughout the literature. Vasconcelos et al. (2008) noted that DMI decreased in steers as duration on ZH increased from 0 to 40 d in 10-d increments. A 6.2% decrease in DMI for heifers fed ZH vs. control and a tendency for a 2% decrease in DMI for steers fed ZH vs. control was reported by Montgomery et al. (2009) . Furthermore, Holland et al. (2010) reported a 4.2% decrease in DMI for steers fed ZH vs. control steers and a 1.33% decrease in DMI for the overall feeding period. The mechanism by which DMI is reduced by feeding ZH is not understood. Page et al. (2004) fed male and female mice a control diet, a diet with clenbuterol (β-adrenergic receptor agonist [βAA] with an affinity for the β-2 receptor), and a diet with ractopamine (β-1 and β-2 βAA) and measured growth, adiposity, and adipose tissue apoptosis. In mice, fat pad masses were reduced when feeding both clenbuterol and ractopamine. These results were interpreted to suggest that the activation of a βAA could trigger the apoptosis process in adipose tissue. Additionally, this is thought to have a process similar to the administration of leptin, which increases apoptosis and decreases the number of adipocytes in fat pads where apoptosis occurs. This may explain why a reduction in DMI is often observed; if fat is being mobilized and used for energy, a lower energetic demand by the animal would logically decrease DMI. It should be noted in the current experiment that there were no differences in proportion of cattle grading USDA Choice; however, there was a decrease in marbling and a numeric (not significant) decrease in 12th rib backfat as ZH was fed, and this could have been caused by apoptosis of adipocytes.
Zilpaterol hydrochloride is similar to clenbuterol in that it binds to β-2 receptors (Baxa et al., 2010) . Montgomery et al. (2009) reported a weak tendency for decreasing 12th rib backfat and a decrease in marbling when feeding ZH vs. a control diet. Elam et al. (2009) reported no differences in DMI as ZH was fed to steers for 0, 20, 30, and 40 d; however, marbling score and fat thickness decreased linearly as ZH increased.
Another explanation for decreased DMI when feeding βAA could be the similarities they share with endogenous catecholamines such as norepinephrine and epinephrine. Catecholamines affect gut motility and secretory responses in mammals (Walker and Drouillard, 2012) . When gut motility is altered, it affects ruminal retention time of feedstuffs and subsequently can alter ruminal digestibility. Intensity and frequency of ruminal contractions are decreased when βAA are fed (Walker and Drouillard, 2012) . Ruminal contractions are the mechanism in which digesta is mixed within the rumen, which aids the microbial populations with digestion. If mixing of digesta and ultimately ruminal digestibility are decreased when βAA are fed, a likely result would be a decrease in DMI.
Because of the redirection of energy from fat to muscle tissue, often an increase in G:F is reported when ZH is fed. Holland et al. (2010) noted an increase in G:F when steers were fed ZH vs. the control. Others have reported a linear increase in G:F for steers fed ZH for 0, 20, 30, or 40 d (Vasconcelos et al., 2008 ). An increase of 35.9% in G:F was reported by Rathmann et al. (2012) when feeding ZH to heifers. Similarly, Montgomery et al. (2009) observed a 28% increase in G:F for steers and a 21% increase in heifers when ZH was fed for 20 or 40 d. In the present experiment, we observed a 47.7% increase in G:F when ZH was fed for 21 d and a 5.7% increase in overall G:F based on live final BW and a 10% increase in overall G:F when based on carcass-adjusted final BW. Our results are comparable to increases of G:F reported by others Rathmann et al., 2012) but are probably exacerbated by the magnitude of difference we observed in ADG for control vs. ZH fed cattle.
As expected, we observed an increase in HCW and dressing percent for steers fed ZH vs. steers not fed ZH. These data are consistent with others (Vasconcelos et al., 2008; Montgomery et al., 2009; Holland et al., 2010) . In our experiment, HCW was increased by 2.9%, whereas dressing percent was increased by 1.2%. Our data is consistent with data of Elam et al. (2009) in which a 1.3% ZH-induced increase in dressing percentage was reported. In the current experiment, the increase in HCW is somewhat less than expected, as others (Vasconcelos et al., 2008; Montgomery et al., 2009 ) reported increases of 3.7 and 4.5%, respectively.
An increase in skeletal muscle tissue is the most predominant effect observed when feeding a βAA, specifically ZH. Additionally, βAA increases muscle hypertrophy through a mechanism that alters protein synthesis and degradation rates in skeletal muscle. Conversely, in adipose tissue βAA promotes lipolysis and apoptosis (Verhoeckx et al., 2005) . The observed increases in HCW and dressing percentage may be explained by possible changes in protein turnover and lipolysis in adipose tissue associated with feeding βAA.
In addition to increased HCW and dressing percentage, LM area is increased when feeding βAA, which is largely attributed to the documented increase in skeletal muscle tissue (Johnson, 2004; Rathmann et al., 2012) . In the present experiment, an increase in LM area of 7.4% was observed for cattle fed ZH. These results are similar to those of Elam et al. (2009) and Montgomery et al. (2009) , who reported increases of LM area by 9.1 and 8.7%, respectively, when feeding ZH.
Twelfth rib fat was not significantly affected by feeding ZH for 21 d in the current study; however, feeding ZH vs. a control diet improved yield grade by 0.29 units. Marbling was decreased in the current experiment when ZH was fed for 21 d. Logically, marbling score may decrease with the use of a βAA in 2 ways: because of the increase in skeletal muscle mass (Johnson, 2004) and the hypothesized apoptosis in adipocytes (Page et al., 2004) . Despite the difference in marbling score, there was no difference in the proportion of cattle grading USDA Choice or greater. In the current experiment, the proportion of cattle grading USDA Choice was generally greater than reported in previous experiments feeding ZH (Holland et al., 2010; Montgomery et al., 2009; Vasconcelos et al., 2008) , which could be the result of differences in cattle genotypes studied. The cattle used in the current experiment were Bos taurus breeds and no Bos indicus cattle were used.
Wet Distillers Grains with Solubles
No differences in final BW or carcass-adjusted final BW were observed when WDGS was included at 30% of diet DM. The tendency for increased ADG during the pretreatment period (pre-ZH feeding) can likely be attributed to the increased EE concentration in WDGS that is beneficial to cattle especially early in the finishing period. A review by Klopfenstein et al. (2008) reports data from a meta-analysis where WDGS replaces DRC, high-moisture corn, or a combination of both and notes that ADG was maximized at 30% WDGS on a DM basis for feedlot steers. Additionally, ADG was 10.6% less for cattle fed 30% WDGS during the ZH-feeding period than cattle fed the non-ZH diet in the current experiment. Although there were no differences in overall ADG for cattle fed 0 vs. 30% WDGS inclusion on a DM basis, carcass-adjusted overall ADG was 6.2% greater for cattle consuming 30% WDGS throughout the feeding period.
Dry matter intake was not different during the pretreatment period, during the ZH-feeding period, or throughout the overall experiment between cattle fed 0 and 30% WDGS. In the meta-analysis discussed by Klopfenstein et al. (2008) , DMI responds quadratically, increasing until WDGS is included at 20% of DM and then decreasing thereafter. Vander Pol et al. (2008) noted that DMI was greatest at 30% WDGS inclusion when it partially replaced DRC in finishing steer diets vs. 0, 10, 20, 40, and 50% WDGS inclusion.
In the present experiment, a tendency for a 10.7% decrease in G:F was observed for cattle fed 30 vs. 0% WDGS when ZH was fed. In contrast, no differences in G:F were observed before the ZH treatment feeding and when G:F was evaluated during the overall feeding period. Nonetheless, when reported on a carcass-adjusted basis, G:F was improved by feeding 30 vs. 0% WDGS. Increased G:F is often reported when feeding WDGS vs. control diets without WDGS (Firkins et al., 1985; Larson et al., 1993; Ham et al., 1994) . Klopfenstein et al. (2008) noted from the previously discussed meta-analysis that G:F was maximized at inclusion of WDGS from 30 to 50% of diet DM and that there tended to be a quadratic response when increasing WDGS in the diet. Other data in the literature make it clear that WDGS has an equal, if not slightly greater, feeding value than dry-rolled or highmoisture corn, which explains increases in G:F when it is fed throughout the finishing period. Hales et al. (2012) reported that WDGS fed at 30% of DM had a NEg value of 102 to 106% of the value of steam-flaked corn or DRC based on respiration calorimetry data. Using performance data to calculate NE values, Al-Suwaiegh et al. (2002) , Ham et al. (1994) , and Lodge et al. (1997) noted greater NEg values for distillers grains diets than for control diets without distillers grains.
Respiration Rate and Panting Score
The positive increases in slope observed for both respiration rate and panting score were likely caused by an increase in both measures as days on ZH increased. It is unclear whether the cause for the increase is from the βAA fed or the increase in BW that occurs at the end of the feeding period. No data has been reported evaluating panting score and respiration rate in cattle fed any type of β-agonist feed additive. Therefore, comparison with other literature is difficult.
During times of heat stress, cattle increase their respiration rate and body temperature while decreasing their feed intake (Nienaber et al., 2003) . In summer months, the body heat gain from solar radiation and metabolic heat exceeds the heat loss from conduction, convection, and evaporation (Arias et al., 2011) . This increased heat load results in increased body temperature. During the nighttime, stored heat is dissipated by the animal and body temperatures return to near normal levels, unless daytime and nighttime tempera-ture is such that excessive heat cannot be dissipated by the animal. Measures of heat stress such as respiration rate have been documented to increase with increasing ambient temperature (Morrison and Lofgreen, 1979; Hahn et al., 1997) . Additionally, panting score has been used as an assessment of heat load status and animal well-being Sullivan et al., 2011) .
Diet can affect the heat load within the animal. Mader et al. (1999) reported that body temperature and respiration rates were less in diets with high roughage content vs. high-concentrate diets. However, noted no differences in rectal temperature when they compared dietary energy sources (roughage vs. concentrate), but there was a difference when 30 vs. 70% concentrate were compared. Altering ME intake by diluting high-concentrate diets with fiber can be used to maintain cattle intakes during heat stress events and may also alter total heat production (Arias et al., 2011) .
It is unclear at this time whether the lack of differences observed in respiration rate and panting score were caused by the low number of steers in each pen measured (4 steers in each pen). Ideally, in future research more than one-half of the cattle in each pen could be measured to provide a more representative sample of respiration rate and panting score.
Conclusion
The use of ZH for 21 d at the end of the feeding period improved ADG and decreased DMI, thus resulting in an increase in G:F. Additionally, most carcass characteristics were improved, as evidenced by an increase in HCW, dressing percentage, and LM area and an improvement in yield grade. The inclusion of WDGS at 30% of DM increased ADG and G:F (both on a carcassadjusted basis) over the entire feeding period as well as increasing dressing percentage and 12th rib fat. For most performance and carcass characteristics measured there were no interactions between ZH and WDGS. Furthermore, although positive increases in the slope of respiration rate and panting score were observed in most dietary treatments, the slopes did not differ from one another. Therefore, no differences in respiration rate and panting score were observed when feeding diets with 0 vs. 30% WDGS with and without ZH for 21 d with a 3-to 5-d withdrawal. From these data we interpret that β-agonists such as ZH can be used to improve animal performance and carcass characteristics. Additionally, based on the limited number of animals measured in our experiment, ZH had little to no impact on feedlot cattle heat stress.
